Fusobacterium necrophorum is the cause of Lemierre's disease, a life-threatening septicaemia secondary to a septic thrombophlebitis of the internal jugular vein preceded by acute sore throat (Hagelskjaer et al., 1998) . Despite its importance as an invasive pathogen, uncertainty surrounds its carriage, significance as a primary cause of sore throat and its mode of acquisition. We have sought to shed light on these issues in a study involving two different groups: university students and patients presenting to local general practitioners (GPs) with a sore throat.
In December 2005 and January 2006, throat swabs were taken from 411 university students (range 18-39 years, median 20 years, males 40.6 %, females 59.1 %, unknown sex 0.2 %) and 103 patients who presented to local GPs with sore throat (range 2-77 years, median 26 years, males 60 %, females 39 %, unknown sex 1 %). Throat swabs were tested for bhaemolytic streptococci by routine culture and Epstein-Barr virus (EBV) DNA and F. necrophorum by real-time PCR, employing laboratory methods described previously (Patel et al., 2003; Aliyu et al., 2004) . In addition, the students completed a questionnaire for possible risk factors for throat infection. Chi-square tests (employing Yates' correction for two by two contingency tables) and Fisher's exact tests using StatsDirect software were used to determine whether there were significant differences in frequencies of epidemiological factors and other differences between the F. necrophorum PCR-positive and -negative groups. Odds ratios were calculated using the Woolf (logit) approximation and conditional likelihood estimation was used to calculate exact Fisher two-sided P-values. Ethical approval for the study, which included informed consent, was granted by the Local Research Ethics Committee.
Overall, 43/411 (10.5 %) students were positive for F. necrophorum and this represented asymptomatic carriage in 29/ 43 (67.4 %) of these. Students who tested positive for b-haemolytic streptococci and/ or EBV were excluded from the analysis for epidemiological risk factors as it was considered that the presence of these infections could be a potential confounder. In addition, a student with a clinical diagnosis of streptococcal sore throat who had recently received intravenous antibiotic treatment was excluded. Implementing these exclusion criteria left 362 students remaining for the risk factor analysis.
Analysis of the possible risk factors (excluding those students with bhaemolytic streptococcal infection and/or EBV infection) associated with a positive test showed no significant differences for age, sex, subject studied, presence of sore throat currently or in the previous 2 weeks, two or more episodes of sore throat over the previous 6 months, current smoking status, sharing a bedroom, sharing a house, contact with a person with a sore throat in the last 4 weeks, contact with cats, dogs or other animals on at least a weekly basis, and antibiotic treatment currently or in the preceding 4 weeks. However, those who were F. necrophorum-positive were significantly more likely to have had one or more lip-to-lip kissing contacts in the previous 4 weeks (26/30, 86.7 %) than those who were negative (212/317, 66.9 %) [Odds ratio (OR) 3.22 (1.10-9.46), P50.04]. See Supplementary Table S1 in JMM Online for full results.
For both student (including those excluded from the risk factor analysis) and GP patient groups separately, we found that those with F. necrophorum were significantly more likely to carry EBV or a b-haemolytic streptococcus, or both, than those who were negative [students 11/43 as compared with 38/368, OR 2.99 (1.39-6.40); GP patients 10/20 as compared with 20/83, OR 3.15 (1.15-8.65)].
EBV infection is acquired from humans by intimate oral contact with others and shares with Lemierre's disease a peak incidence of infection in late adolescence (Niederman & Evans, 1997) , and our findings suggest the source and route of transmission to be the same for F. necrophorum. Tully et al. (2006) have reported that adolescent students are at increased risk of meningococcal disease due to frequent intimate oral contact with multiple partners. The increased transmission of throat pathogens in this social group doubtless accounts for our finding of co-infection of F. necrophorum with EBV and b-haemolytic streptococci and may also explain the increased likelihood of asymptomatic carriage of F. necrophorum in this social group compared with the healthy non-student adults we have studied previously (Aliyu et al., 2004) ; 29 of the 411 students (7.1 %) were asymptomatic carriers compared with 0 of 100 (P50.01) in the previously studied healthy non-student adults.
It has been suggested that F. necrophorum is not a primary pathogen in the throat, invasive disease being facilitated by prior infection with a putative higher grade pathogen, in particular EBV, as coinfection has been reported in case studies of Lemierre's disease (Dagan & Powell, 1987; Alvarez & Schreiber, 1995) . Evidence for a primary role for F. necrophorum as a cause for sore throat would be provided by finding a positive association between having a sore throat and a positive F. necrophorum test, particularly if those carrying other throat pathogens are excluded from the analysis. Excluding students with EBV or b-haemolytic streptococci, there was a higher proportion of students who were positive for F. necrophorum who had had a sore throat in A supplementary table giving full results for the analysis of risk factors associated with a positive Fusobacterium necrophorum test is available with the online version of this paper.
the previous 2 weeks (10/32, 31.3 %) than the proportion who had had a sore throat in the F. necrophorum-negative group (75 of 330, 22.7 %), but this did not achieve statistical significance ]. However, we were underpowered to prove this association as, following exclusions, comparatively few students remained in the study who reported a sore throat (85 of 362, 23.5 %). The evidence for a possible important primary role of F. necrophorum in patients with acute sore throat has been supported by a recent report that F. necrophorum was second only to group A streptococci as a bacterial pathogen in this setting (Amess et al., 2007) . Notably, the isolation rate was highest (12.9 % of samples) in 16-20 year olds in this study. Further case-control studies will be required to prove a causal role in acute sore throat, taking into account the level of carriage in adolescents. Batty et al. (2005) have suggested an important role in recurrent sore throat syndrome, but this was not confirmed in our study; students reported the occurrence of two or more episodes of sore throat in the preceding 6 months no more commonly when carrying the organism (15/27, 55.5 %) than when negative (176/317, 55.5 %) [OR 1.00 (0.45-2.21, P.0.99)]. However, our study may have been underpowered to prove the association and this also requires further investigation.
Whilst our previous study (Aliyu et al., 2004) implied that finding F. necrophorum in the throat swab of a non-student indicated clinical infection, the same was not true for this predominantly adolescent student group, where the recovery of F. necrophorum did not necessarily indicate clinical infection (although some may have developed a sore throat later). However, we found that the magnitude of the copy count per swab of F. necrophorum may give an indication of the likelihood of active clinical infection; when we combined the F. necrophorum-positive students and F. necrophorum-positive GP patients we found that 7 out of 20 (35 %) subjects with a sore throat and without EBV or bhaemolytic streptococci had copy counts of 50 000 or more, whereas this finding only applied to 1 of 22 (4.6 %) asymptomatic subjects (P50.03, Fisher's exact test). Therefore, the presence of a swab copy count of 50 000 or more in a symptomatic individual suggests that F. necrophorum is the cause of the sore throat. This concurs with the findings of Jensen et al. (2007) , who reported that in their study of 18-32 year olds comparing patients with non-streptococcal tonsillitis and asymptomatic healthy controls, the load of F. necrophorum was significantly higher in the symptomatic individuals with nonstreptococcal tonsillitis.
In conclusion, although asymptomatic carriage appears to be rare in healthy older subjects, this appears common in the predominantly adolescent student population group in this study. Our findings indicate that throat carriage of F. necrophorum in university students is related to social lifestyle, being transmitted with other throat pathogens by intimate human mouth-to-mouth contact. Clinical infection may be distinguished from asymptomatic carriage by a swab copy count above 50 000. 
